Rose-scented geranium (Pelargonium spp.) is grown for its highly valued essential oil, used widely in perfumery and cosmetics for its delicate rose-like fragrance [1] . It is exclusively vegetatively propagated. Somaclonal variation and mutation breeding are the only methods for generating genetic variation for genetic improvement in such plants [2] . Generation of genetic variability through somaclonal variation and induced in vitro mutagenesis with N-nitroso-N-methyl urea (NMU) was taken up using Indian cultivar 'Bourbon' and a clone 'Narmada' for their genetic improvement. 'Narmada' is a somaclonal variant of the Indian cultivar 'Bourbon', with low contents of isomenthone (0.05-2.0%) and 10-epi--eudesmol (0.4-4.0%) in its essential oil. A somaclone, N75, obtained from internodal explants of the clone 'Narmada' treated with 0.25 mM NMU was found to contain a moderately high content of isomenthone (26-35%) in its essential oil. Although chemovariants with high contents of isomenthone (64-71%) have been reported in rose-scented geranium [3] [4] [5] , somaclone N75, with a moderately high content of isomenthone, appeared to be new. Its essential oil composition with respect to 11 major and important constituents studied over two generations, SC 2 /VM 2 and SC 3 /VM 3 (second and third vegetative generations after in vitro phase mutagen treatment) is reported here.
The essential oil of one of the somaclones (N75) in the SC 2 /VM 2 generation showed a higher content of isomenthone (26.3%), as compared with the negligible content (0.7%) in the essential oil of the parental clone 'Narmada' ( Table 1 ). The somaclone, N75, was phenotypically indistinguishable from its parental clone, like the earlier reported isomenthone-rich variants of Indian cultivar, 'Bourbon' [3] . The contents of linalool, citronellol, geraniol, citronellyl and geranyl formates in N75 were relatively lower than those in parental clone 'Narmada' ( Table 1 ). The content of total alcohols and their esters in the essential oil of N75 in the SC 2 /VM 2 generation was 46.7% and lower than that in the essential oil of 'Narmada' (68.6%). The somaclone N75 maintained its higher content of isomenthone (34.9%) in the SC 3 /VM 3 generation, compared with that (0.3%) in the parental clone 'Narmada' (Table 1) . Its content of total alcohols and their esters in the SC 3 /VM 3 generation was also lower than that of the parental clone 'Narmada' ( Table 1 ). The relative contents of alcohols and their esters in the somaclone N75 and its parental clone 'Narmada' in SC 2 /VM 2 and SC 3 /VM 3 generations were more or less similar except for some minor differences, as the two generations were grown in different seasons. Seasons have been found to affect contents of essential oil constituents in geranium [6] . 
those of the parental clone 'Narmada', which exhibited a pleasant rosy odor without any minty note due to negligible quantities of both menthone and isomenthone in its essential oil. This suggested that the SC 1 /VM 1 plant of somaclone N75 was non-chimeric and was, therefore, stable through the clonal generations of multiplication. As adventitious shoots developed from excised plant organs through in vivo and in vitro culture are generally derived from single cells, non-chimeric mutants are expected [7] . Since all Indian varieties of geranium have been propagated only vegetatively for a long time, they may have accumulated a large number of hidden and unexpressed mutations which may have been released as intraclonal or somaclonal variation. Somaclone N75 of 'Narmada' may, therefore, have arisen from pre-existing intraclonal variation in the parental clone 'Narmada' or from a mutation induced by NMU.
The alcohols, linalool, citronellol, and geraniol, and their esters are synthesized from geranyl pyrophosphate (GPP), the universal precursor of all monoterpenes. A wide range of monoterpenes, diterpenes and sesquiterpenes are generated through the action of terpene synthases/cyclases [8a] . Therefore, it may be assumed that these isomenthone-rich variants of Indian cultivars, 'Bourbon' and 'Kunti' [3] [4] [5] may have arisen through a mutation completely suppressing the conversion of GPP into alcohols (linalool, citronellol and geraniol) and their esters and leading to its conversion mainly into isomenthone. However, in the isomenthonerich somaclone reported by Gupta et al. [4] , the mutation probably did not completely suppress the conversion of GPP into alcohols, as the somaclone had 71% isomenthone and significant amounts of citronellol (6%), geraniol (3%), citronellyl formate (1.4%) and geranyl formate (0.5%). In contrast, clone 'Narmada' has a very low content of isomenthone. Therefore, it may be assumed that the conversion of GPP into isomenthone in 'Narmada' is almost completely blocked and is converted mainly into linalool, citronellol and geraniol and their esters. The contents of isomenthone (26.3-34.9%), and alcohols and their esters (34.9-46.7%) in the essential oil of somaclone N75 were, however, almost similar, suggesting that this somaclone may have resulted from a mutation partially releasing the suppression of conversion of GPP into isomenthone in 'Narmada', but not from a back mutation at the same site which almost completely suppressed conversion of GPP into isomenthone in 'Narmada'. This is because in that case the isomenthone content should have reverted to 4-8%, as found in the essential oil of the Indian cultivar, 'Bourbon' [3] , since clone 'Narmada' was isolated as a somaclonal variant from 'Bourbon'. Recently, a novel phytochrome B allele has been reported in Arabidopsis thaliana, which shows a partial mutant phenotype resulting from a deletion in the 5′ end of the gene, corresponding to 4 amino acids in the PHYB N-terminal extension [8b].
Different species of Pelargonium and their hybrids have been reported to yield essential oils rich in different constituents; the most common of these is isomenthone, which is found to an extent of 54 -85% [3] . Although geranium oil is a complex mixture of more than 120 constituents [1] , no mutations altering the contents of any constituent other than isomenthone, citronellol, geraniol, linalool and their esters have been reported. Therefore, the gene(s) involved in the conversion of GPP into isomenthone and citronellol, geraniol and linalool appear(s) to be highly mutable.
Experimental
Generation of somaclones: Somaclones were regenerated as described earlier [9] from internodal explants of the Indian geranium cultivar, 'Bourbon' and clone 'Narmada' treated with aqueous unbuffered solutions of 0.25 and 0.6 mM NMU for 1 h.
Identification of somaclone:
Somaclones regenerated from internodal explants with or without in vitro mutagenesis were multiplied through stem cuttings and evaluated in the SC 2 /VM 2 generation. One somaclone, N75, regenerated from internodal explants of clone 'Narmada' treated with 0.25 mM NMU had a moderately high content of isomenthone in its essential oil. It was multiplied through stem cuttings and evaluated again in the SC 3 /VM 3 generation for its true breeding behavior. In both generations, plants of the somaclone N75 were planted in the field, in twice replicated single-row plots, along with other somaclones and parental clone, 'Narmada', all of which were raised through stem cuttings from their respective SC 1 /VM 1 and SC 2 /VM 2 plants. Plants were harvested 4 months after planting and their essential oils were obtained by hydro-distillation of the fresh herb in a Clevenger-type apparatus for 2h.
GC analysis of the essential oil: GC analysis was carried out using a Varian CP-3800 Gas Chromatograph fitted with flame ionization detectors, split/splitless capillary injectors and Star workstation software. The individual components were identified by comparison of their retention data and by comparison with literature values [10] .
